The specification of segment number and identity in the Drosophila embryo requires the activity of several classes of genes that may be grouped according to the array of pattern elements that they control. Double-label immunofluorescence was used to simultaneously localize the products of genes representative of the pair-rule segmentation class (fushi tarazu), the segment polarity class (engraile~, and the homeotic class (Sex combs reduced, Antennapedia, and Ultrabithorax) of pattern-regulating genes. The temporal order of appearance of each class of proteins and the precise spatial relationships between the products of the different genes are described with single-cell resolution. Boundaries of gene expression, particularly the parasegmental boundaries, are established by early-acting genes such as fushi tarazu and subsequently respected by the expression patterns of later appearing gene products such as engrailed and Ultrabithorax, suggesting regulatory relationships between certain pairs of genes. In addition, the dynamic transitions observed in spatial relationship among the Sex combs reduced, Antennapedia, and Ultrabithorax homeotic protein patterns during the early period of embryogenesis may reflect cross-regulatory interactions among these genes. Finally, some cells contain a single homeotic product, whereas other cells simultaneously contain several, suggesting that certain cells may be determined by the combinatorial action of homeotic genes.
The development of the Drosophila embryonic body pattem is dependent upon a hierarchy of sequentially activated zygotic genes. At least four gene classes that regulate anterior-posterior differentiation of the embryo have been distinguished by the pattern of defects observed in mutants (Nfisslein-Volhard and Wieschaus 1980) . Each of the gene classes (gap, pair-rule, segment polarity, and homeotic) is expressed in characteristic spatial arrays of cells within the primordia of the segments whose development they control (reviewed in Akam 1987; Scott and Carroll 1987) . Analyses of mutants have revealed that these striking patterns of gene expression are controlled by a network of regulatory interactions among the four classes of genes. In a given STo whom requests for reprints should be addressed.
class, genes are regulated by the action of genes that are expressed earlier and by other specific genes within the same class. To understand the operation of this network of regulatory interactions, we need to know how the spatial and temporal expression of each gene relates to the others. Although the RNA transcript or protein distributions have now been analyzed for several genes, few have been examined in relation to each other with single-cell resolution to allow a precise description of the boundaries of gene expression and the determination of whether multiple genes are expressed within cells.
With the production of antibody probes for several different proteins representative of most of the recognized classes of early-acting genes controlling pattern formation, it is possible to define more precisely the dynamics of protein product accumulation and the boundaries between the spatial domains of gene products acting during the same period of embryogenesis. Here we present comparative data on the expression of a pairrule segmentation gene, fushi tarazu (ftz), which directs the formation of alternate parasegments (PS) (Wakimoto and Kaufman 1981; Jfirgens et al. 1984 ); a segment polarity gene, engrailed (en) , which defines the posterior compartment of each segment (Morata and Lawrence 1975; Kornberg 1981a, b; Komberg et al. 1985) ; and the homeotic genes, Sex combs reduced (Scr) , Antennapedia (Antp) , and Ultrabithorax (Ubx), which have their major effects on the identity of the labial and first thoracic (Wakimoto and Kaufman 1981; Sato et al. 1985) , first through third thoracic (Wakimoto and Kaufman 1981; Sato et al. 1985) , and posterior thoracic and first abdominal segments (Lewis 1978) , respectively.
In several cases we observe sharp boundaries of gene expression that correspond to parasegmental boundaries. However, there are significant cases where boundaries do not coincide with parasegmental borders. The pattems of expression are quite dynamic. In some cases, initially sharp boundaries become less distinct over time, and in other cases, expression patterns sharpen to respect borders more precisely. Clearly, there are cases where multiple regulatory gene products are present in the same cell. This is discussed in terms of combinatorial models for cell fate determination.
Results

Localization of proteins in whole mount Drosophila embryos
All of the experiments described in this work involve indirect immunofluorescence analysis of doubly or triply labeled whole-mount embryos. The embryos were prepared by formaldehyde fixation in heptane and devitellinized with methanol/heptane, as described previously DiNardo et al. 1985; Karr and Alberts 1986) . This technique affords visualization of most cells of the embryo with excellent preservation of morphology. We focus upon expression of the proteins in the simplest and most accessible two-dimensional cell layer, the early embryonic ectoderm, thus avoiding the complexities inherent in more complex arrays of cells (e.g., the nervous system at later stages). However, all of the genes studied are also expressed in the nervous system, and the relationships between gene expression patterns may be different in different tissues (Akam and Martinez-Arias 1985; Martinez-Arias et al. 1987) . The wild-type patterns of each individual protein have been described previously, though generally not in comparison with any other products. The proteins are encoded by ftz , en (DiNardo et al. 1985) , Scr (Riley et al. 1987; Mahaffey and Kaufman 1987) , Antp (Carroll et al. 1986; Wirz et al. 1986) and Ubx Wilcox 1984, 1895a; Beachy et al. 1985) ; the antibody preparations used are described in the first references given in each case. In addition, a monoclonal antibody that detects Scr protein was kindly provided by M. Glicksman and D. Brower (manuscript submitted).
The temporal and spatial relationship between the expression of the ftz pair-rule gene and the en segment polarity gene
The ftz protein is first detectable by immunofluorescence in a series of evenly spaced stripes encircling the embryo during cellularization . By the time of completion of cellularization and initiation of gastrulation, the ftz stripes have changed from about four nuclei in width to three. At the earliest time en protein is detected (Fig. lb) , the ftz stripes have already shrunk (Fig. la) . Thus, the mature pattern of ftz expression is observed before the en pattern has fully appeared. The initial 14 stripes of en protein appear in an ordered sequence, beginning with the second stripe (corresponding to the posterior cells of the maxillary segment) and following in a progression of even-numbered stripes that are more strongly labeled than the odd-numbered stripes in an anterior-to,posterior gradient (DiNardo et al. 1985; Weir and Komberg 1985, Fig. lb) . The en stripes are one to two cells wide as they develop. As noted previously, the level of en antigen varies among different cells within a given en stripe as the stripe develops, resulting in a ragged appearance (DiNardo et al. 1985) . Doubly labeled embryos reveal the superposition of the even-numbered en stripes with each ftz stripe (Fig.  la, b) . In analyzing seven doubly labeled embryos, we find that greater than 92% (374/405) of the cells accumulating en in even numbered stripes are coincident with cells at the anterior edge of the ftz stripe (Fig. lc, d ). In 2% of the cases, a ftz expressing cell lies anterior to an en-expressing cell. Given the low level of en antigen and the ragged appearance of en stripes at this early stage, these few cases may either be true exceptions or cases where en induction has not proceeded far enough to detect the protein in the anterior most cell. The remaining 6% (23/405) of en-expressing cells are in the (few) areas where the developing en stripes seem to be two cells wide rather than one cell wide. In these cases, the first en-expressing cell is still coincident with a cell at the anterior border of the ftz stripe. Significantly, we have not observed any cases where an en-expressing cell lies anterior to the ftz stripe. Because en expression marks the anterior boundaries of PS (Martinez-Arias and Lawrence 1985) , the anterior edge of each three-cellwide ftz stripe is at the parasegmental boundary. The boundaries of the original four-cell-wide ftz stripe cannot be determined directly as we are examining the ftz stripes during a period when they are progressively narrowing. Based upon the presence of weakly labeled nuclei at the posterior edge of each ftz stripe and, in contrast, the sharp boundary between expressing and nonexpressing cells at the anterior edge, we suggest that ftz expression is lost progressively from the posterior edge of each stripe. Therefore, the anterior edge of the fourcell-wide stripe is at the parasegmental boundary. Lawrence et al. (1987) have also concluded that the fourcell-wide ftz stripes are parasegmental by marking cells with f~-galactosidase under ftz promoter control (Hiromi et al. 1985) .
ftz protein vanishes before it is possible to detect any of the three homeotic proteins studied here. ftz protein is detectable in the embryonic ectoderm during the period of germ-band elongation when each segment primordium is roughly four cells wide, but the homeotic proteins first appear only after the cell movements and cell divisions have taken place that increase the number of cells per segment. The en protein continues to accumulate during germ-band elongation and is therefore present at the same time as the homeotic proteins. The en protein is thought to define the posterior compartment of segment primordia and helps in analyzing the distribution of homeotic proteins.
Expression of the homeotic gene Ubx respects the boundaries established by earlier acting segmentation genes
Ubx protein is detected in the posterior thoracic (T) and in the abdominal (A) segments in a relatively complex pattern (White and Wilcox 1985a) . Ubx, Scr, and A n t p proteins appear at approximately the same time (see below)--while the germ band is elongating. In general, the Ubx pattern of expression respects domains established by the segmentation gene products quite precisely, en domains of expression are coincident with or delimit most of the Ubx domains.
The most anterior block of high-level Ubx expression is PS 6 (Fig. 2b, d ), which is composed of pT3 and aA1. The anterior PS 6 cells, i.e., the posterior third thoracic cells, contain both en protein (Fig. 2a, c ) and Ubx protein.
The level of Ubx expression is somewhat variable in the ventral pT3 cells that express en and is lower on average relative to anterior A1 (Fig. 2c, d ). In more lateral regions of pT3, Ubx and en expression are still coincident, but the Ubx protein level more closely approximates the level reached in A1. There is a sharp transition between high-level Ubx expression and much reduced Ubx expression, coincident with the anterior edge of the en stripe in p a l , which defines the anterior limit of PS 7 (black arrowhead, Fig. 2c, d ). In the more posterior abdominal segments, A2-A7, Ubx protein is present and graded from lower to higher expression through the anterior compartment of each developing segment (Fig. 2b) . In each of these abdominal primordia, the patterns of (Fig.  2c, d ). As in pT3, U b x protein is at low levels in pT2 mid-ventrally, and slightly higher levels dorsolaterally. At dorsolateral positions, Ubx protein is not restricted to en-containing cells but extends into aT3 (Fig. 4a, c) .
The spatial domain of Scr protein expression
Scr protein begins to accumulate at high levels in an anterior patch of cells during germ band extension after the cells of the ectoderm have resumed division (Riley et al. 1987) . Along the ventral midline, this early patch of Scr protein expression is about 9-10 cells wide (Fig. 3a) . By double labeling embryos with an anti-en antibody, it can be seen that high-level Scr expression at this stage is restricted to PS 2 and to some dorsolateral cells of PS 3, with only a trace of Scr protein midventrally in PS 3 (Fig.  3a, b) . PS 3 expression of Scr increases during germ-band shortening to moderately high levels, though not quite to the level of the Scr protein in PS 2 (Fig. 3c) . The boundaries of Scr expression in shortened germ-band embryos, when the grooves in the embryo demarcate segments rather than PS, was determined by double staining with en antibodies (Fig. 3c, d ). Along the ventral midline, the most anterior cells that contain Scr protein continue to coincide with the posterior maxillary segment cells that express en protein (Fig. 3c, d , brackets with solid arrows) thus respecting a parasegmental boundary. The posterior boundary of high-level Scr expression extends through anterior T1. The boundaries are not as distinct at more lateral positions. For example, the Scr protein level is low or absent in the lateral cells of the posterior maxillary compartment (Fig. 3c , asterisk). In addition, Scr is present in some of the posterior cells of the first thoracic segment (Fig. 3c, d , open arrows). Thus, like U b x in aT3, Scr does not strictly obey compartmental boundaries at all positions in the embryo.
D y n a m i c changes in the expression of the Scr, Antp, and Ubx proteins
The homeotic proteins studied here appear with virtually identical kinetics. However, as has been shown here and elsewhere (Carroll et al. 1986; White and Lehmann 1986; Mahaffey and Kaufman 1987; Riley et al. 1987) , there are significant transitions in homeotic protein patterns during mid embryogenesis. We have used triple labeling of embryos with murine monoclonal anti- Figure 4a-d, shows the early pattern of homeotic proteins while the germ band is fully extended. There is strong Scr expression in PS 2 and in the most lateral parts of PS 3. Scr is expressed at relatively low levels throughout the rest of PS 3 (Fig. 4a) . Ubx is expressed strongly in PS 6, particularly in aA1, and in the more posterior abdominal primordia (see description above). Ubx is expressed at relatively low levels in PS 5. Ventrally, the PS 5 expression of Ubx is limited to those cells that also express en in pT2 (Fig. 2c, d ). At more lateral positions, Ubx expression extends posteriorly into cells that do not express en and, therefore, into anterior T3. PS 4 has no detectable expression of either Scr or Ubx but, along with PS 5, contains a high level of A n t p protein (Fig. 4b, d ). There is also low-level A n t p protein in PS 3 and a moderate to high level in some cells in PS 6. By comparing the Scr and Ubx patterns with the A n t p pattern, (Fig. 4a vs. b; c vs. d), it can be seen that there are cells that contain only one homeotic protein, cells with low levels of two gene products, and cells with moderate levels of two or three (including en) gene products, but no cells that contain two homeotic proteins at high levels.
For example, the cells of PS 4, where Scr and Ubx are inactive, express A n t p at high levels {Fig. 4a, b; c,d). Cells of PS 3 have low levels of both Scr and A n t p (Fig. 4c, d) . Although a substantial number of PS 5 cells have Antp but no Ubx expression, cells that mark the anterior edge of PS 5 ventrally and a large part of PS 5 laterally express both Ubx and A n t p at moderate levels. A n t p and Ubx are also both expressed in the ventral cells that mark the anterior of PS 6 (Fig. 4c, d ), where cells also express en; therefore, pT2 and pT3 contain Antp, Ubx, and en proteins. Figure 4 e -h display the patterns of homeotic protein expression after the significant transitions that occur during germ-band shortening. At this stage, Scr is on strongly in PS 3, and A n t p expression is largely confined to most of PS 4 and PS 5. In some cases, the transitions from pattems observed at the germ-band extension stage to the shortened germ-band stage seem to reflect the known cross-regulatory properties of the homeotic proteins. For example, Ubx functions to negatively regulate A n t p in PS 5 and PS 6 Harding et al. 1985; Carroll et al. 1986 ). We find that Ubx expression expands laterally during germ-band shortening in pT2 and pT3, the anterior boundaries of PS 5 and PS 6, respectively. This expansion is concomitant with a repression in Antp expression (Fig. 4e, f) . As a result of these transitions in homeotic protein patterns, there are fewer cases later in embryogenesis where single cells express more than one homeotic protein, although Ubx and Antp (and en, Fig. 21 continue to be present simultaneously in some cells within pT2 (Fig. 4g, h ).
D i s c u s s i o n
A temporal hierarchy of regulatory gene expression
The sequence and pattern of expression of the regulatory proteins studied here are depicted schematically in Figure 5 , covering the first 10 hr (approximately half) of Drosophila embryogenesis. The time of appearance of the protein products from each class of regulatory genes reflects what is now known about the regulation of genes in each class by earlier acting genes. For example, it is known that ftz controls aspects of en and homeotic gene expression (Duncan 1986; Howard and Ingham 1986; Ingham and Martinez-Arias 1986; DiNardo and O'Farrell 1987) , which is consistent with the presence of ftz protein before the protein patterns of the other genes emerge.
A cell-for-cell correspondence in expression between sequentially activated genes may reveal regulatory relationships
We have observed several instances where a border of expression for a particular gene coincides cell for cell with the boundary of expression of a gene expressed at a preceding step in the hierarchy. The length of such boundaries, coextensive for m a n y cells, argues that the earlier appearing gene product regulates the next. Although we cannot rule out the possibility that both genes respond to some other common factor along the coextensive boundary, there are several cases where coincident expression is likely to be due to direct regulatory interactions. For example, quite precise boundaries are established at the anterior edge of each ftz stripe. The
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Cold Spring Harbor Laboratory Press on July 21, 2009 -Published by genesdev.cshlp.org Downloaded from developing even-numbered en stripes largely coincide with these boundaries. The rare exceptions may represent true 'mistakes' in patterning or may be an unavoidable limitation of analyzing a very dynamic process (the evolution of spatial gene expression patterns) using fixed preparations. Significantly, we only observe en expression in cells that are also expressing ftz. This overlap in 
Scr Antp
Ubx en and ftz expression is consistent with the requirement for ftz activity in the production of even-numbered en stripes (Howard and Ingham 1986) . Thus, the en pattern is a good example of a downstream gene responding precisely to the boundaries established by earlier acting regulatory genes. In addition, there is evidence that ftz activity is required for the proper activation of homeotic genes in even-numbered PS (Ingham and Martinez-Arias 1986) . For example, the peak of Ubx expression in PS 6 depends on ftz. Because Ubx expression precisely fills the PS 6 domain as determined using en-expressing cells as markers, there is a coincidence between cells that express ftz at early stages and cells that express Ubx later. The coextensive nature of these two expression patterns is consistent with the possibility that the ftz protein directly regulates Ubx.
Furthermore, a generalization is suggested: Coincident gene expression patterns observed by carefully mapping the boundaries of expression for two genes suggest a regulatory relationship between those genes. Thus, precise cell-by-cell comparisons are likely to continue to contribute to the elucidation of regulatory circuitry.
One boundary of expression often respected by homeotic genes is the parasegmental border
In examining the various patterns of protein expression, we note that some are sharp and relatively stable and others are not. For example, the anterior edge of each ftz stripe stands out well against background staining and persists until ftz protein disappears during germ-band elongation. In contrast, the posterior of each ftz stripe 'moves' as the stripe narrows (see also Lawrence et al. 1987) . The anterior boundary of ftz stripes defines the leading edge of each even-numbered parasegmental unit (Martinez-Arias and Lawrence 1985) . The parasegmental border is associated with a known enduring distinction in the behavior of cells, as subsequent domains of regulatory gene expression respect this border precisely. Not only is this border respected by the developing en stripe, Figure 5 . Schematic representation of the temporal order and spatial relationship of ftz, en, Scr, Antp and Ubx protein expression during embryonic development. Summary of data from previous figures emphasizing the sequence of changes in the ectodermal expression of the segmentation and homeotic genes. The ventral midline has been used as a common reference point to simplify the presentation; the distribution of proteins is different in many cases away from the ventral midline. The segmental position of high levels of protein expression is indicated by solid black shading and lower levels by hatching. The time and stage of development are indicated at the top of each panel. In some places, homeotic gene expression does not exhibit sharp discontinuities corresponding to en-expression boundaries (e.g., in PS 5, Ubx is not always coincident with en expression). These patterns are represented by wiggly lines. The homeotic protein patterns diagramed are correct for the epidermis only. The mesoderm and neural protein patterns may be quite different.
but to a large extent, the anterior and posterior extents of homeotic gene expression are defined by parasegmental borders (Ubx expression extends precisely to the boundary of PS 5 and PS 6; Scr is expressed up to the anterior edge of PS 2 ventrally; Ubx expression is delimited by the posterior borders of PS 6-PS 13). The parasegmental boundary appears to be formed by regulatory interactions that establish, first, discontinuities in patterns of gene expression (probably among the pair-rule genes) and, then, a heritable distinction between cells of adjacent parasegments. The regulation of en by ftz could be one step in the maintenance of the parasegmental boundary. The knowledge that the anterior border of ftz is important leaves open the question of whether ftz expression is also important in more posterior cells in each ftz stripe. Some of the answer is likely to come from the analysis of possible ftz regulation of segment polarity genes, such as gooseberry (Bopp et al. 1986 ) and wingless (Baker 1987) , which are expressed in narrow stripes like en, but, at least in the case of wingless, in different~cells. If ftz is also regulating these other genes, then ftz expression is important not only to demarcate PS but also to control gene expression in cells in the more posterior parts of the ftz stripes.
Boundaries other than parasegmental borders are also observed
In particular instances, the spatial domains of homeotic gene expression initiate and terminate away from the parasegmental border. For example, the anterior limit of the Scr expression domain lies at the PS 2 border ventrally (i.e., respects parasegmental borders ventrally) but begins posterior to this border at more dorsolateral positions. The Scr domain also extends beyond the PS 2 boundary partway into PS 3, again in dorsolateral regions. These positions for .the boundaries of expression seem quite precise and reproducible but do not correspond to morphological boundaries, such as the segment border. Genes that Control dorsoventral differentiation /e.g., Anderson and Niisslein-Volhard 11984) may therefore cause genes such as Scr to be expressed in domains with different anterior and posterior limits, depending upon the position of the cells along the dorsoventral axis. To accomplish this, the dorsoventral control genes may need to affect how Scr responds to regulatory inputs from anterior-posterior segmentation gene regulators. We expect that 'downstream' genes exist that are under the control of Scr and that respect the nonparasegmental boundaries apparent in the Scr pattern, because Scr determines cell fate and, therefore; must establish an enduring distinction between cells on either side of its expression border.
In this study and others (S. DiNardo and P. O'Farrell, unpubl.), while mapping expression domains for various genes or their expression levels, distinctions between the ventrolateral and dorsolateral ectodermal regions have been found. Recently, others have noted the sharp transition in neurogenic potential and in the mitotic division schedule (Hartenstein Drosophila segmentation gene expression patterns V. Foe, pets. comm.) in this region of the ectoderm. It is possible that the positional restriction in all of these phenomena maps to the same precise border along the d0rsoventral axis and that the genes that affect dorsoventral positional information establish this border. .....
Transitions in homeotic protein patterns may be due to cross-regulatory interactions
As each class of segmentation genes becomes active, interactions among the genes of that class presumably lead to changes in the expression patterns or to maintenance of the initial patterns. Similarly, it is likely that changes in the~homeotic protein patterns observed during development reflect regulatory interactions among the homeotic genes. For example, in the absence of Ubx function, Antp is expressedl at a high level not only in its usual PS 4 position but also in PS 5 and PS 6 Harding et aE 1985; Carroll et al. 1986 ). PS 5 and PS 6 are places where Ubx is normally expressed. Thus, Ubx is formally a negative regulator of Antp. However, the initial pattern of Antp transcription is normal in a Ubx-embryo (Harding et al. 1985) and is established before significant amounts of Ubx protein accumulate. The action of Ubx on Antp is to prevent Antp products from reaching high levels in PS 5 and PS 6. The level of Antp expression decreases laterally in pT2 and pT3 during germ-band shortening (Fig. 4e,f) in exactly the places where Ubx protein accumulates. This effect involves an alteration in Antp expression, not the maintenance of an existing pattern, and is presumably accomplished by a build-up of Ubx protein, which then negatively regulates An tp.
The genetic dissection of homeotic gene function has shown that particular structures within a segment can depend on different genetic subfunctions of a gene (Lewis 1978) . Recent molecular analyses of these genes has indicated that some such subfunctions may be cisacting control elements that activate the homeotic gene in a particular subset of cells in a segment Bender et al. 1985; Hogness et al. 1985; White and Wilcox 1985b; Lipshitz et al. 1987; Peifer et al. 1987) . It is clear that homeotic genes can be expressed in small, precisely localized groups of cells within segments, as is shown by the complexities in the patterns of Scr, Antp, and Ubx. The control of the fine details of segmental patterning by homeotic genes probably depends in part on these subsegmental (and subcompartmental) complexities in spatial expression.
The possibilities for combinatorial gene action
It has been proposed that pair-rule segmentation genes carry out their role in a combinatorial manner (Gergen et al. 1986) . The relationship described here in molecular terms between developing en expression and the ftz pattern suggests the combinatorial control of en. It has been shown previously that ftz activity is necessary for the production of even-numbered en stripes (Howard and Ingham 1986; DiNardo and O'Farrell 1987 we have shown that en is expressed in only the first of about four (and then three) rows of cells that express ftz; therefore, ftz is not sufficient for en induction. Some other factors must distinguish the first row of ftz-expressing cells for these to uniquely induce en. It is quite probable that some of these factors are other pair-rule gene products, such as those of odd-skipped, whose striped distribution partly overlaps ftz stripes (D. Coulter and E. Wieschaus, pers. comm.) and whose activity is required to prevent en expression in the more posterior cells of a ftz stripe (DiNardo and O'Farrell 1987) .
A second type of combinatorial control mechanism involves the interaction of multiple gene products within a single cell. The action of homeotic genes may also be combinatorial, the fate of a segment being determined by the array of genes active there (Lewis 1978; Struhl 1982; Kaufman and Abbott 1984) . Because many cells within a segment often produce the same homeotic protein and yet develop differently, there must be more genes involved in the elaboration of segmental patterns than simply the homeotic products studied here. One possibility is that differences in expression of segment polarity genes could cause cells that contain the same homeotic protein (or same set of them) to behave differently. For example, Ubx would have a different effect on pT3 cells than on aA1 cells, not only because en lowers Ubx transcription in pT3 but also because the en protein interacts in some way with Ubx protein (or a target of Ubx protein) to modulate the effect of Ubx. There are many segment polarity genes (at least nine), and they may act throughout development in different cells within each segment. It will be important to examine further the interactions of segment polarity genes with homeotic genes in controlling the development of segmental pattern.
How could the different genes interact? The experiments reported here demonstrate that more than one of the regulatory genes studied can be expressed in the same cell at the same time. ftz, en, Scr, Antp, and Ubx all encode nuclear proteins that contain homeo domains Scott and Weiner 1984; Harding et al. 1985; Laughon et al. 1985; Kuroiwa et al. 1985; Poole et al. 1985) , a conserved 60-amino-acid sequence. The homeo domain has structural similarity to a class of bacterial DNA-binding proteins (Laughon and Scott 1984) and to the products of the yeast MAT locus (Shepherd et al. 1984 ) which encodes sequence-specific DNAbinding proteins that regulate transcription (Johnson and Herskowitz 1985) . The en homeo domain has been shown to be capable of sequence-specific DNA binding in vitro (Desplan et al. 1985) , as has the ftz homeo domain (C. Desplan and P.H. O'Farrell; A. Laughon and M.P. Scott, both unpubl, data) . Previously, we have discussed models for combinatorial action in which multiple homeo domain-containing proteins in the same cell form heterodimers that have different DNA-binding specificity than either homodimer (Desplan et al. 1985; Laughon et al. 1985) . Such a model, based on models for yeast MAT function (Miller et al. 1985) , presupposes the occurrence of cells in which multiple homeo domain proteins are expressed, examples of which are demonstrated here (see also Carroll et aI. 1986) .
The results illustrate the value of single-cell resolution studies on the spatial expression of segmentation and homeotic genes. Much of what remains to be learned about early embryonic gene interactions will build from precise descriptions of the relationships between the patterns of expression of different genes. The goal is to understand the exact correspondence between the temporal and spatial aspects of pattern-forming expression and the regulatory mechanisms used during oogenesis and embryogenesis to control them.
Materials and methods
Antibodies
The rabbit anti-ftz , rabbit anti-Antp (Carroll et al. 1986 ), rabbit anti-Scr {Riley et al. 1987), rabbit anti-en (DiNardo et al. 1985) , and mouse monoclonal anti-Ubx; (White and Wilcox 1984) antibodies have all been described previously. The polyclonal mouse anti-en antibody was produced and affinity purified in a manner similar to the corresponding rabbit antiserum (S. DiNardo and P. O'Farrell, unpubl.) . The Scr monoclonal antibody was generously provided by Marcie Glicksman and Danny Brower (University of Arizona, Tucson). All polyclonal antibodies were affinity purified.
Secondary antibodies were either rhodamine-or fluoresceinconjugated affinity-purified goat or sheep anti-rabbit Ig and anti-mouse Ig reagents from Cappel and Boehringer-Mannheim.
Immunofluorescence
Whole-mount embryos were fixed, stained, and photographed as described previously {Carroll DiNardo et al. 1985) . Double labeling was performed with the following combinations of antibodies: rabbit anti-ftz/mouse anti-en; rabbit anti-en/monoclonal anti-Ubx; rabbit anti-Scr/mouse anti-en; rabbit anti-Antp/monoclonal anti-Ubx; rabbit anti-Antp/ mouse anti-en. Triple labeling was performed with mouse antiScr and anti-Ubx and rabbit anti-Antp. Embryos were mounted in 50 mM Tris-HC1 (pH 8.8) containing 10% glycerol (vol/vol) and 5 mg/ml p-phenylenediamine and photographed using Tri-X-film, ASA 400 (Kodak).
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